Abstract -Chromosome variability was analyzed in three Chironomus species: Chironomus plumosus L., Chironomus muratensis Ryser, Scholl & Wulker, and Chironomus annularius Meigen, from the natural populations in Poland. A comparative analysis of band sequences with other Palearctic populations was done. Chromosome band sequences of C. plumosus and C. muratensis did not differ from other Palearctic populations. A new homozygous band sequence was discovered in C. annularius. The ten sequences observed in the Polish populations of C. plumosus were represented in all cytogenetically studied European populations of this species. However, these sequences showed substantial interpopulational variation and they didn't demonstrate any geographical gradient. Some of the inversions in C. plumosus and C. annularius were also involved in the function of the so-called polymorphic system. The sensitivity of important chromosome structures (BRs and NOR) in the polytene chromosomes of C. annularius to organic contaminants in the studied area was presented. The morphology of the additional "B" chromosome found in C.plumosus can vary in different salivary gland cells. The existence of the "B" chromosome in the C. plumosus genome was considered in the light of its selective value in the studied area.
INTRODUCTION
The karyotype and chromosome variability of widely distributed, Palearctic Chironomid species have been studied extensively (Keyl 1962; Michailova 1989; Kiknadze et al. 1991a Kiknadze et al. , 1996 Butler et al. 1999; Golygina and Kiknadze 2001) . A detailed cytogenetic analysis of salivary gland chromosomes revealed the existence of sibling species in different Palearctic populations of the genus Chironomus (Keyl 1962; Ryser et al. 1983; Kerkis et al. 1988 Kerkis et al. , 1989 Michailova 1989; Kiknadze et al. 1991a Kiknadze et al. , 1996 . Also, the evaluation of chromosome polymorphism in natural populations of Chironomid species has contributed data on adaptation, cytogenetic differentiation and karyotype divergence of this genus (Petrova 1991; Kiknadze et al. 1998; Butler et al. 1999; Gunderina et al.1999 ). That's way the knowledge of chromosome variability among the Chironomid populations is essential. However, information on the karyotype and chromosome polymorphism of the Chironomus species in Poland is very scarce. Only one study, reporting the presence of several cytotaxonomic species of the genus Chironomus (Michailova et al. 2002) , is available in spite of the fact that this genus is very common in different aquatic biotopes (Kownacki 1999) .
The present paper contributes information on polytene chromosomes and their cytogenetic variability in three Chironomus species: Chironomus plumosus L., Chironomus muratensis Ryser, Scholl & Wulker and Chironomus annularius Meigen. These species belong to the cytocomplex "thummi" with chromosome arm combinations: AB CD EF G (Michailova 1989) . Two of them (C. plumosus and C. muratensis) are closely related and are incorporated in the chromosome group "plumosus", while the third (C. annularius) is a single representative of the cytocomplex "thummi". Cytogenetic data concerning C. plumosus and C. annularius provide information on chromosome polymorphism and the process of microdifferentiation in C. plumosus. Genome polymorphism of C. plumosus is also discussed. Additionally, we compared our results of chromosome variability of C.plumosus with information of its cytogenetic variability in different Palearctic populations (Gunderina et al. 1999; Golygina and Kiknadze 2001) .
MATERIALS AND METHODS
Twenty three specimens of Chironomus plumosus and three specimens of C. muratensis were collected during May/June 2002 from a post-exploitation gravel pit in Rybnik, located in the Vistula Valley, 15 km south from Toruń (northern Poland). A lake was formed after the pit was filled with subterranean water. It is characterized by a maximum depth of more than 5 m, an area of 8ha, sand-mud bottom, a water volume of 240 000m 3 , high alkaline reaction (pH=8,9), moderate conductivity (400 µS/cm), and biochemical oxygen demand (BOD 5 ) − 4.79 mg/dm 3 . The lake is surrounded by forest with the exception of its southern bank, which is farmland.
Twenty one specimens of C. annularius were obtained during June 2002 from a retention pond of a sugar factory in Chybie (southern Poland). Michailova et al. (2001) gave information about the water quality of this pond. Oxidation was elevated in this water body, and NH 2 , PO 4 , and N-NO 3 ions were highly concentrated.
Larvae were fixed in a solution of 96 0 C ethanol and glacial acetic acid (3:1). Cytogenetic and morphological preparations were obtained from each larva. Isolated salivary glands were squashed for polytene chromosome preparations using a routine aceto -orcein method (Michailova 1989) . Freezing in liquid nitrogen for removal of cover slips did permanent slides. After several steps in alcohol and xylene, they were remounted in Euparal. Larval head capsules and bodies were mounted in Euparal for morphological analysis. Slides of polytene chromosomes and larval morphology were deposited at the Institute of Zoology, Sofia -Bulgarian Academy of Sciences.
Polytene chromosomes of C. plumosus were identified by applying the maps of Butler et al. (1999) , Gunderina et al. (1999) , Golygina and Kiknadze (2001) . The polytene chromosomes of C. muratensis were identified by comparing with the literature (Kiknadze et al. 1991a; Michailova et al. 2002) . For a subsequent, detailed karyotype analysis of C. annularius, standard chromosome maps done by Keyl and Keyl (1959) ; Keyl (1962) ; Petrova and Michailova (1986) , and Kiknadze et al. (1991a Kiknadze et al. ( , 1996 were used. Sequences occurring in our species were symbolized according to Kiknadze et al. (1991a Kiknadze et al. ( , 1996 Inverted and standard band sequences were considered as alleles and their frequencies were estimated according to Butler et al. (1999) . This permits the calculation of cytogenetic distance between Polish and other Palearctic populations by applying Nei's method (Nei 1972) . A dendogram was made using UPGMA cluster analysis (Sneath and Sokal 1973) with PHYLIP (Felsenstein 1993) . Heterozygote frequencies of C.plumosus were tested for confirming to expectation under Hardy − Weinberg equilibrium using X 2 test.
RESULTS
On the basis of external larvae morphology the samples were divided into three forms (A, B, C). Form A has a long tubule located ventrally and was therefore called the "plumosus" type; form C with a ventral short tubule − "semireductus" type, while form B exhibits an intermediate state between the two forms. Ollik and Zbikowski (2002) also differentiated the C form on the basis of length of the body of the larva as well as on the size of the head capsule.
Cytogenetically, the studied material was considered as three species: C. plumosus, C. muratensis and C.annularius. Every species has specific chromosome markers by which the species were differentiated. They belong to cytocomplex "thummi" with chromosome arm combinations: AB CD EF G.
Chironomus plumosus L. -It has 2n = 8. Chromosomes AB and CD are metacentric, chromosome EF is submetacentric and chromosome G is telocentric.Chromosome G has a nucleolar organizer (NOR) and two Balbiani rings (BR 2 , BR 3 ). One Balbiani ring (BR 1 ) is located in arm B. (Figs . 1a, b, 2a, b, 3a, b, c) .
Chromosome arms A, B, C, D are very polymorphic. It is interesting to note that on these arms the standard band sequences were converted into another homozygous band sequences through heterozygotization (Table 1 and table 2) (Fig.1a,  b) . In arms A and B standard and inverted band sequences occurred almost in the same frequency (Table 2) . In arms C, D the standard sequences (C1, D1) were predominated (Table 2) (Fig. 2b) . The heterozygous (C1.2) and homozygous inversions (C2.2, D2.2) appeared very rarely (Table 1) (Fig.2a) . The arms E, F and G have the standard band sequences (Table 1 and table 2) (Fig.3a, b, c) . In a mosaic state an asysnapsis was found in chromosome arms E and F (Fig. 3a, b) .
BR 1 in arm B occurred in a very active state in all studied individuals, although not in all cells.
The studied individuals differed with respect of their centromeric heterochromatin In some specimens (about 50%) centromere regions of the polytene chromosomes were represented by well defined large heterochromatin blocks (Figs. 2b, 3b) . In five individuals, in few cells the centromere heterochromatin in chromosomes AB, CD and EF appeared in a heterozygous state (Figs. 1b, 3b) .
Four individuals have a "B" chromosome, which appeared in a compact as well as in a network state (Fig. 4 a, b) . Every type is observed in different individuals and within the salivary gland cells of an individual. It doesn't have a clear banding structure and it is often oriented towards chromosome G. The studied population of C.plumosus had a high level of chromosome polymorphism − the larvae with heterozygous inversions were 87% and the average number of heterozygous inversions per larva was 0.87. Chromosomes AB, CD are metacentric, chromosome EF is submetacentric and chromosome G is telocentric. There are two nucleolar organizers (NOR) in arms C and G, and three Balbiani rings in arms B(BR 1 ) and G (BR 2 , BR 3 ) (Fig. 5 a, b, c, d) . Arms A, C, E, F, G appeared in standard band sequences A1, C1, E1, F1 and G1 respectively. Arm B had an inverted band sequence B2, while arm D was in heterozygous and standard homozygous state (D1.2 and D1.1). The heterozygous state of this arm has been documented in Russia (Petrova and Michailova 1986; Kiknadze et al. 1991a) , Finland (Michailova 2001) , and Poland (Michailova et al. 2002) .
Chironomus muratensis
Chironomus annularius Meigen -This species has 2n = 8. Chromosomes AB and CD are metacentric, chromosome EF is submentacentric, and chromosome G is telocentric. One Balbiani ring (BR) is located in arm G and a nucleolar organizer (NOR) appears in arms A, C, E and G (Fig. 6a, b , c, d, e, f, g). Arm A has two band sequences (A1 and A2) ( Table 4 ). They appeared in three states, standard A1.1 (Fig. 6 a) inverted homozygous state A2.2 (Fig. 6 c) , and heterozygous state A1.2 (Fig.6 b) . The nucleolar organizer (NOR) in this arm as well as in arm E was slightly expressed and in 10% of the individuals the NOR in arm A was in a heterozygous state.
In arm B has three band sequences: B1, B2 and a new one B4 (Table 4) (Fig. 6d) . The standard band sequences of this arm were predominated (Table 3 and table 4) .
With exception of arm D, the arms C, E, G appeared in standard homozygous state only (C1.1, E1.1, G1.1) (Fig.6e, f, g ) (Table 3 and table 4 ). In arm F, standard band sequences F1 was predominated (Fig.6f ). Only 3 individuals had a heterozygous inversion (F1.2). It is important to underline that in all studied individuals in the mosaic state, the homologues of chromosome G were unpaired due to different functions of both homo- cytogenetic variability in species of genus chironomuslogues. In C. annularius 61% of studied individuals were with heterozygous inversions. The average number of heterozygous inversions per larva was 0.71.
DISCUSSION
A total of 24 and 15 band sequences were found in 30 Palearctic and several Nearctic populations of C. plumosus, respectively (Butler et al. 1999; Gunderina et al. 1999) . Eight were common for both Palearctic and Nearctic regions. Detailed cytogenetic and statistical analysis showed clear cytogenetic differentiation between Palearctic and Nearctic populations (Butler et al. 1999) . On the other hand, Gunderina et al. (1999) documented considerable cytogenetic diversity in European and Asian (Siberian) populations of C. plu- mosus, which form the Palearctic parts of its Holarctic range. These populations are distinguished by both the type and frequency of sequences. It is worth noting that an eastern population in Siberia (Yakutia, Beloe Lake) was the most cytogenetically divergent from other Palearctic populations (Butler et al. 1999) . Also, Gunderina et al. (1999) underlined that in central Palearctic populations cytogenetic differences were not as substantial, although they increased toward the periphery of the range of C. plumosus. Sequences A1, A2, B1, B2, C1, D1, D2, E1, F1 and G1 found in the Polish population were represented in all European populations cytogenetically studied by Gunderina et al. (1999) and Butler et al. (1999) . Some of these (A2, B1, B2, D2) have been recorded in the Nearctic. However, in the Nearctic populations the sequence D 2 occurred as the most frequent sequence in this region (Butler et al. 1999) . Seven of the sequences found in the Polish population (A1, B1, C1, D1, E1, F1 and G1) are distributed in all Palearctic populations and are considered as the main common Palearctic sequences (MCP) (Gunderina et al.1999 ). Therefore, concerning the band sequences, the Polish population of C. plumosus was not different from other Palearctic and some Nearctic populations. However, the sequence frequencies showed considerable inter population variation. The standard sequences of arms C (C1), D (D1), E (E1), F (F1) and G (G1) predominated in Poland. However, the inverted homozygous state in arm A (A2.2) and arm B (B2.2) respectively, occurred in high frequencies. Even more, statistically significant deviations were observed in arm B. It is quite possible that the heterozygous state of this arm have some advantages in studied are, characterized by alkaline reaction and oxygen demand. These data confirm the idea done by Michailova and Petrova (1991) that inversions have varying selective priorities in different ecological conditions.
The dendrogram (Fig. 7) showed that the Palearctic populations of C. plumosus were clustered into several groups. C. plumosus from geographically close regions was separated into different clusters. For instance, samples from Altai lakes were put into different clusters. On the other hand, populations from geographically isolated sites were closely grouped together. The studied Polish population formed an independent group, which was most closely related to the Novosibirsk population (NSK-K), with the smallest cytogenetic distance 0, 0528 (Table 5 ). The highest cytogenetic distance exists between Poland and Volgograd -Vu populations -0, 2165 (Table 5 ). The results confirmed Gunderina's et al. (1999) idea that there isn't any geographical gradient of the observed cytogenetic variability of the species. It is quite possible that in all these populations there are variations in the frequency of aberrations depending on the specific conditions of the habitat.
In the arms A, B, C, D of C. plumosus and in arm A of C. annularius the polymorphic system, described by Michailova (1989) was evident − one homozygous inversion converted into another homozygous state through heterozygotization. This polymorphic system has been found in C. plumosus from Hungary and Switzerland (Michailova and Fisher 1986) , although it was first detected in C. annularius. It is quite possible that each chromosome band sequence has some advantage in a specific ecological niche available to a population. It is worth underlining that the standard sequences of arms C, D, E, F of C. plumosus predominated, while in C.plumosus and in C. annularius inverted homozygous (A2.2) and sen's (1978) idea that "polymorphism can be used as a biological system that very quickly records change in the environments". In both species the polymorphous system could be treated as an "adaptive population strategy" determined by the fluctuation of homo-and heterokaryotypes. C. annularius also possesses substantial chromosome variability in its range. The standard banding patterns of arm A have been described only from Germany (Keyl and Keyl 1959) , while heterozygous and inverted homozygous states have been observed in most populations in Germany (Keyl and Keyl 1959; Keyl 1962) , Russia, Bulgaria, Hungary (Beljanina 1981; Kiknadze et al. 1996; Petrova and Michailova 1986) and Poland (Michailova et al. 2002) . Also, in arm F heterozygotes have been found in these populations. Beljanina (1981) and Petrova and Michailova (1986) noted that microdifferentiation was occurring in Russian populations due to several fixed homozygous inversions in the karyotype of the species. In the studied area C. annularius was found in a water body characterized by an increased level of organic contaminants. In this area we observed a new homozygous inversion in arm B in a low frequency. Interestingly, differences in the amount of centromeric heterochromatin of chromosomes were observed in C. plumosus. Differences in the quantity of heterochromatin show how this part of the genome evolves. Quantitative variation in heterochromatin among species is probably due to several mechanisms such as multiple replication, unequal exchange, amplification, accumulation and deletion (John 1988 ). Such differences have also been observed in other geographically isolated Palearctic populations of C.plumosus: as in Russia (Kiknadze et al. 1991b; Petrova 1991; Golygina and Kiknadze 2001) , Hungry, Switzerland (Michailova and Fisher 1986) , and Finland (Michailova 2001) . Variation may arise from amplification events in centomeric heterochromatin and illustrates the process of cytogenetic differentiation. Molecular methods employed in the future will provide additional information on the evolution of this species. However, this cytogenetic mechanism is not yet involved in postmating isolation factors, which was proven by a hybridization test (Michailova and Fisher 1986) .
C. annularius was found in a water body characterized by an increased level of organic contaminants . Changes were observed in the functional activity of BRs in chromosome G and the nucleolar organizer (NOR) in chromosome arms A and E. The nucleolar organizer in chromosome AB is active in Russian (Kiknadze et al. 1991a (Kiknadze et al. , 1996 and other Polish populations (Michailova et al. 2002) . Also, Kiknadze et al. (1996) discerned several well-expressed Balbiani rings in chromosome G, which were not seen in our material. We observed only one slightly active BR in the telomeric region of chromosome G. Both structures (BRs and NOR) are very sensitive to different stress conditions and are used as a model to study the response of the genome to different environmental factors (Diez et al. 1990; Michailova et al. 1998) . BRs are sites of intense gene transcription for silk proteins (Wieslander 1994) , important for the construction of larval tubes. Obviously the BR system seems to be very sensitive to high levels of organic contaminants detected in this area by Michailova et al. (2001) . Most BRs observed in Russian populations (Kiknadze et al. 1996) were not seen in the studied area. Only one BR, located in the telomere region of chromosome G, appeared slightly active or in heterozygous state. Also, the nucleolar organizers (NOR) in arms A and E were suppressed or appeared in a heterozygous state,which might be due to the organic contaminants, established in the studied area. The NOR contains genes responsible for the synthesis of rRNA. Suppression is probably due to inhibition of RNA polymerase I (Horgen and Greffin 1971) or to the synthesis of highly conservative proteins (HSPs) which have a protective role in the cells (Multohoff et al. 1998) . However, it is still unclear which mechanism is involved in the suppression of NOR activity. The same reaction was observed in natural populations of C. riparius in different anthropogenic sites (Michailova et al. 1996; . Different hypotheses on the evolutionary origin of "B" chromosomes have been proposed. The most widely accepted view is that they originated from A chromosomes because of homology between the two types (Camacho et al. 2000) . The molecular cytogenetic characteristics of Chironomid "B" chromosome was studied by (Siirin et al. 2003) . Applying in situ hybridization, these authors found that "B" chromosome are composed of repetitive DNA sequences homologous to sequences of centromere and telomere DNA of A chromosomes and also these of mobile elements NLRCth1. No ribosomal DNA repeats were identified in "B" chromosome. They postulated that "B" chromosome and chromosome G have similar telomeric and centromeric organization which influence on their very repeated association. In the studied species (C. plumosus) "B" chromosome frequently pair with chromosome G.
The polytene "B" chromosome has been established in different populations of C. plumosus (Keyl and Hagele 1971; Ilynskaja and Petrova 1985; Michailova and Mettinen 2000; Golygina and Kiknadze 2001) . Ilinskaja and Petrova (1985) ; Michailova and Mettinen (2000) considered that "B" chromosome increased the chances of survival for individuals under extreme, polluted conditions and in this way proposed their selective value. "B" chromosome was found by us in both groups of C. plumosus in the studied area, which is characterized by high alkaline reaction and oxygen demand.
